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ABSTRACT In this paper we review th« properties of a relatively new class of planar acoustic wave component 
employing surface skimming bulk waves , SSBW . In SSBW devices the input interdigital transducer launches a 
horizontally-polarised bulk wave which is beamed along the surface, and is received by the output transducer 
long before it reaches any other surface of the substrate. Devices employing SSBW therefore superficially 
resemble SaV devices f and retain many of their attractions, eg planar construction and desl&i flexibility. 
In addition, however, SSBW possess a number of practical advantages over SAW, especially for use in narrow band 
filters and oscillators. These include:- (i) higher velocity and lower propagation losses which enable 
operation up to about 1.6 times the highest SAW frequency on ST -quartz, (ii) superior temperature coefficients, 
and (iii) iaseneitivity to surface contamination* The first part of this paper reviews the basic properties 
of SSBW, including theoretical and experimental aspects of SSBW propagation, and the attractive properties of 
SSBW devices. The second part reviews the use of antenna theory to explain the insertion loss and frequency 
response of SSEW devices, and the electrical characteristics of SSBW transducers. 



Introduction 

The interd<*ital transducer, IDT, was first introduced 
by Mortley (T) for the transduction and reception of bulk 
acoustic waves travelling through the volume of* a 3- 
dimensional solid sample. In such devices the acoustic 
wave is launched at an angle Q to the surface when the 
phase-matching condition of Eq (1) is satisfied 

P co *S (1) 

where p is the period of the IDT and A the acoustic 
wavelength : 

+ ~~± ~ ^ m 

* ^ - FIGURE 1 

It was subsequently discovered by White and Voltmer* 2 ^ 
that the IDT 1a also an efficient generator o.f surface 
acoustic waves, SAW, and this led to the development of 
a novel generation of planar acoustic wave devices, the 
properties of which are well covered in the proceedings 
of this conference from c. 1972 to date. From the 
foregoing it is hardly surprising that one problem 
encountered in SAW devices arises from the generation 





FIGURE 2 

(a) Response of 
a SAW oscillator 
filter on AT- 
quartz with X- 
propagation. The 
SAW response is 
at 170MHz, the fast 
transversa and 
longitudinal bulk 
wave responses 
are at 275 and 309 
KHz • Markers 
occur every lOHHz. 

(b) as (a) but 
with absorber 
added between 
the IDT'e. 



conditions. Such surface skimming bulk waves, SSBW, 
travel with velocity (c ) and attenuation essentially 
unchanged from their values in the infinite medium, 
and the passband frequencies, f, are given by f =* c/p, 



^the IDT of unwanted bulk waves. These waves interfere corresponding to 9« O in Eq 0) . In all cases studied 

to date this relationship has been found to hold. 
Further experimental confirmation of the bulk wave 
nature of the responses is obtained by adding absorber 
to the surface between the IDT'e; the SAW response is 
heavily attenuated, but the SSBW responses little 
affected, Fig 2 <b). In ref (9) it is further shown 
conclusively (by roughening and rotating the lower 
face of the substrate) that the SSBW travel directly 
from the input to output IDT, Fig 3, rather than by 
reflection from the lower surface of the subotrate. 



with the SAW response by travelling directly to the 
output IDT (9-*0 in Fig. 1) or by .reflection from other 
surfaces of the substrate. A recent review of the 
situation has been given by Hilscm^ m There are In 
the literature numerous other references to such 
unwanted bulk waves, and our refs (<0 to (8) are but 
a few of the more important papers. Most of these 
papers are concerned with the deleterious effects of 
such bulk waves in SAW devices, especially broadband 
filters. In contrast, as we shall see, surf ac e-skina- 
ing bulk wave (SSBW) devices employ such bulk waves rather 
than SAW to perform the required signal processing 
function. In the first part of this paper we review the 
basic properties of SSBW, and describe certain orienta- 
tions of quartz and LiTaO, with very attractive 
properties from the viewpoint of SSBW devices. In the 
second part of the paper we review the use of antenna 
theory to explain the detailed electrical peropertles 
of SSBW transducers and filters. 

Part 1 : Basic Properties of SSBW 
First obeervationa of SSBW 

Our work has been principally in the field of SAW 
oscillators, in which the SAW element is a narrow- 
band filter with prescribed phase and amplitude 
response. In such narrow-band components the effect 
of the bulk wave excitation is to introduce separate 
passband(s) of similar share to the SAW passband, 
but at higher frequencies '6,9) t see Fig. 2(a). As 
discussed later these passhands are caused by those 
bulk wsve(s) that can propagate with k-vector parallel 
to the surface while satisfying the surface boundary 
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FIGURE J .Schema tic view of SSBW device. 

In pert 2 we show that the operation of SSBW is readily 
explained in terms of antenna theory, the IDT's acting 
as endfire array antennas. Meanwhile, however, we must 
consider how the SSBW energy is able to radiate between 
such antennas, unperturbed by the presence of the free 
surface of the substrate. 



M* Irion Lev la 



Theoretical aspects of SSBW propagation 

It is by no means obvious that a wave can emanate fro* 
the I.D.T. in. the form shown In Pig. 3i *°r «uch a 
radiation pattern has a strong k-coarponent parallel to 
the surface (0> 0) and obviously involves a Mechanical 
disturbance it the surface. In general such a dist- 
urbance is not compatible with the stress-free 
boundary conditions obtaining at the surface. In order 
to discover suitable orientations for SSBW propagation 
we have therefore adopted a search procedure* 1 "' which 
is closely analogous to the SAV search procedure* 11 ; . 
In this approach we choose a substrate orientation and 
assume a form for the mechanical disturbance. We then 
examine the three stress components at the surface, 
and only if all three vanish simultaneously do we 
conclude that we have found a suitable orientation for 
SSBV propagation. In the present case we assume that 
a wave can propagate with k parallel to the surface 
and with Identical displacement components to one of 
the three bulk waves which can propagate with the 
same k-vector in the infinite medium. To date the 
only waves we have identified which do satisfy the 
boundary conditions are certain shear waves polarised 
parallel to the surface of the substrate (ref 10 t 
appendix I). This finding is consistent with the work 
of Mitchell^ " . We have therefore confined our 
investigations to substrate orientations supporting such 
horizon tally-polarised shear waves . 

Ve need hardly add that there exist other waves which 
can travel a finite distance, say 100 A, with little 
attenuation even though they do not exactly satisfy 
the boundary conditions; an example is the longitudinal 
wave on the x-axie of AT-quartz, Fig. 2. The possibility 
of using such waves in devices deserves further consider- 
ation. 

On the experimental side we have verified the free 
propagation of SSBV as sketched in Fig. 3 by impulsing 
a 3-finger-pair IDT (with aperture 200 X) and monitoring 
the acoustic intensity at the surface by means of 
similar IDT'e placed every 20 A along the path. The 
as < 10 > 



monitored signal varied 

power P- P Q (A/*0 1 ..(2) 
voltage V. V 

where fi is the pathlength travelled. The variation in 
Eq (2) is that expected for radiation from a line source, 
assuming that the propagation is unperturbed by the 
surface. In this experiment the substrate orientation 
was one chosen for its SSBV properties, namely AT-quartz 
with k perpendicular to the x-axis. As discussed in 
part 2, and in ref (12), further confirmation of the 
free propagation of SSBV comes from the excellent 
agreement between device responses and IDT radiation 
resistances that are (a) measured, and (b) calculated 
assuming Eq (2). 

The attractions of SSBW devices 

The principal attractions of SSBV devices are very 
similar to those of SAW devices, viz they provide 
small, cheap, rugged, planar components with great 
design flexibility. In addition, however, SSBW offer 
a number of advantages over SAV for certain applications:- 

(1) Bulk waves have higher velocities and can 
therefore be used to higher frequencies than SAV. This 
is evident from Fig. 2, and has allowed us to produce 
devices at frequencies up to 2.3 GHz<10' . 

(ii) Bulk waves suffer lower propagation losses than 
SAW, an important consideration at microwave frequencies. 

(iii) Bulk waves have superior temperature coefficients 
to SAW in both quartz and LiTaO^, which is particularly 



Important in oscillators f resonators, and narrow-band 
filters. In particular, as shown below, SSBV devices 
are able to employ the same bulk waves that are 
excited in conventional AT and BT-cut quartz crystal 
resonators. 

(iv) As is evident from Fig. 2, SSBW are less sensitive 
to surface contamination than SAV, which should ease 
the long term ageing problem in oscillators, and 
generally ease fabrication and packaging problems* 

Substrate orientations for SSBW 

In seeking suitable orientations to support SSBW we 
naturally started by considering the most widely used 
SAV piezoelectric crystals, quartz, LiNbO. and LiTaO , 
and concentrated on substrate orientations supporting 
a horizontally-polarised shear wave. In addition, we 
wanted the chosen orientations to satisfy aa many as 
possible of the following criteria. 

(a) Large piezoelectric coupling to the 
horizontally polarized shear wave (SSBV). 

(b) Zero beam steering both on the surface and 
into the volume (SSBV). 

(c) Zero temperature coefficient of delay (SSBV) . 

(d) Zero piezoelectric coupling to SAV. 

(e) Zero piezoelectric coupling to other bulk 
waves, or negligible propagation of these waves 
for the reasons discussed earlier, 

A family of cuts of quartz satisfying most of these 
criteria is the rotated y-cuts.with propagation 
perpendicular to the x-axis*" * Here, the SAW 
coupling vanishes identically, all such cuts support 
an x-polarised shear wave which suffers no beam 
steering on the surface, and, for two small ranges of 
angle of the rotated y-cut, the temperature coefficient 
of delay is small. These ranges are + 30° to + **0° 
and to -55° rotated y-cuts- These latter cuts 

are closely related to the well known AT and BT-cuts 
of conventional bulk- wave-oscillator crystal, but 
their roles are inverted because, in SSBW devices, 
the propagation (k-vector) is along the surface, 
rather than perpendicular to the surface. This is 
illustrated in Fig. 4. 




FIGURE t#. Schematic comparison of the use of 
rotated Y-cut quartz crystals (with propagation 
perpendicular to the x-axis) in (a) conventional 
resonators, and (b) SSBW delay lines and resonators. 
(The AT and BT cuts are not exactly at right angles). 



By good fortune, it also happens that these cuts suffer 
a negligible beam steering into the volume of the 
material^ 1 and that the longitudinal wave response 
is not detectable, so thatiery 'clean* responses are 
obtained. Moat of our recent studies have therefore 
concentrated on these two cuts of quartz, especially 
the AT cut (+35.3° rotated y-cut) which has essentially 
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zero temperature coefficient of delay at room temperature 
in our devices, as discussed below. 

We have measured the temperature coefficients of frequency 
(or delay) of the two families of rotated y-cuts (all 
with k perpendicular to the x-axis) covering the ran ires 
♦33° to *38°, and to -51$° rotated y-cuta, as 

these have small temperature coefficients in the range 
of interest, Fig, 5. The corresponding velocity data 
i6 presented in Fig. 6. 
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FIGURE 5. (a) and (b): temperature coefficients of 
frequency of SSBV on rarious rotated y-cuts of quarts 
with propagation perpendicular to the x-axis . (c) 
compares the first-order temperature coefficients of 
SSBV with conventional resonators, allowance having 
been made for the 90° difference in k-vectors (Fig.*0« 



FIGURE 6. <a) and (b): detailed velocity measurements 
of SSBV on various rotated y-cuts of quartz with 
propagation perpendicular to the x-axis. (c) compares 
this velocity data with conventional resonators, 
allowance having been cade for the 90 difference in 
k-vectors (Fig. k) . 
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Fixs. 5 end 6 confirm *b« close relationahip Indicated 
K ^between the properties of SSBW devices and 
conventional quartz crystal resonators^ 1 *' • » 
'ZS, notice that SSBW devices made on substrates 
^11. tTthe -50° rotated y-cut have a cubic frequency- 
te^ralurrcha^riatic'ai-ilar to the well-known AT- 
eat of conventional quartz crystal. These SSEW 
char.ot.ri.tica are .uperior to SAW « SI -,uar«. the 
other cuts of quartz of great importance ">/SBU devices 
are eloae to the +55° rotated y-cut. Such devieea 
h£e properties Cellar to the BT-class of conventional 
^uartHryatal resonator, having a parabolic 'requency- 
?«,peratur, characteristic and a velocity of -5100 j/s. 
i£ s "locity is 60* higher than SAW on „ 
has enabled us to extend our upper frequency range from 
TX X i«h^AW devices to 2.3 GHz with SSBV devices™. 

Some experiments involving SSBW on ST-quartz with k perp- 
endicular, tg.tho X-axis have recently been reported by 
Ten eral^). Since the ST-eut is the *42° rotated 
y!cut, it is evident that this cut is one reticular 
£^pie of the family of rotated ,-euts °«";»*« 
above. These workers have also reported a tern Pe"*"" 
coefficient of frequency of about 28 pp*/°C for this 
enz^wnich is Ute consistent vith our findings In 
Fig. 5- 

It is important to add that the measurements in Figs. 5 
and 6 £p!oyed an IDT length of NA= 2500**°^' 
the excitation of as narrow an acoustic beam as 
The angular spread of k-vectors in Fig. 3 ^ B <^(« * 
™diana i.e.8<2° in oV»r devices. In shorter IDT's 
S. results of rfgs 5 and 6 may be modified slightly 
by the excitation of a wider angular spread of k-vectors. 

When we consider LiWbOj and UTaO, we find that these 

■aterials nave the same elastic symmetry as 
they have very different piezoelectric symmetry. This 
is imfortunate as the family of rotated y-cuts with k 
perpendicular to the x-axis is no longer ideally 
SuiHa to SSBW applications. Ws hsv. therefore searched 
for other orientations in these materials, which 
satisfy most of the earlier criteria "by accident , 
rather than by symmetry as was the case for <*« 
rotated y-cuts of quartz. To dste we have located 
"^suitable cuts of UTa<y These employ the two pure 
shear bulk waves which propagate on the x-axis of 
LiTaO, in the infinite medium. One is the +3b 
rotated y-cut with velocity~M20 m/s and k ***** * 
Srx-axis. The other is the -5".° rotated y-cut with 
velocity -j'toO m/s and k parallel to the x-axis._ 
Nei^er haf a particulafly good temperature coefficient, 
bli the former tas a very high piezoelectric "upling 
constant for SSBW. suggesting applications in wide-band 
filters. In each ome the piezoelectric coupling to 
SAW is negligible^ 1 " . 

p.^t 2r Application of antenna tr ""7 to SSBW devices. 
Introduction . 

We have seen in part I that if ^^ onsi ? er ,^^ 5 
capable of supporting a horisc*tally-polarized shear 
wave (SSEW), the acoustic propagation within the 
substrate is unperturbed by the surface, and in these 
circumstances w* my regard the Iff as an acoustic 
antenna operating in a hair-space* In fact it « ±l * 
make little difference to the arguments if we imagine 
that another substrate is bonded to the original one, 
thereby burying the IOT within the medium, and making 
the problem directly analogous to an e.m. antenna 
operating in free space. We shall see that it is 
possible to use many of the results of antenna theory 
To explain intimate details of the operation of 
devices, including 

(i) The minimum insertion loss attainable 



(ii) The frequency response of SSBW bandpass filters 

(iii) The form of the IDT radiation resistance aa a 
function of frequency. 

(iv) The variation of radiation resistance (or 
piezoelectric coupling constant, k*) with no. 
of finger pairs, 

In most of the following we make the assumption that the 
terete ia isotropic. At least in the case of our 
£rCrse» JSSZ AT-quart* with k perpendicular 
tTSne x-axis, this approximation does not seem to 
introduce any detectable errors. In any case, if we 

. rigorous analysiaW , 
Elements of Antenn a Theory 

Tfc.. basic element of e.m. antenna theory is the 
eUmentaiy dl^ole radiator, whose radiation pattern 
rt««mble7a figure '8'* Such dipoles are frequently 
I«XveTi^ arSys to add directivity to the antenna 
aa'a whol£ onTauch arrangement being the end ire 

-!il«nl To a Kood approximation the radiation 

T w mK -i. + rt nr ereater than the wavelength 

' iUTTcfl . ^ther-orcas the radiatior . patter. . of 
i£ invariably much narrower than that of the 
S'diSl elements, the detailed form of the Utter 
is relatively unimportant. 

EST SZSLZZ 2— 

^MffE^ -action, 
2 TO containing M (»10) finger pairs is analogous 
To a^ertodtctl!-. endfire array antenna comprising 
IZ MSStT each separated from its neighbours by 
^^rwiih^lternat. elements driven in antiphase 
When driven at the resonant frequency (i.e. such that 
frjuTSTc ))the-far-field radiation pattern 
L»orises\trong forward and backward lobes of 
? ^e-f2/§F (measured to the first zero), 

«eonance is approximately that shown in Fig. 9 (0). 

Calculation of the Insertion I*s. of SSBW Devices 

First consider two idealised ISOTHCPIC antennas 
seSrat.5 "rorn each other by a distance R large 
co^red with all dimensions of the antennas including 
^he apertures) . Such antennas are ooviously located in 
«ch otrer^e far field. Imagine that each antenna has 
U» h rao£tion impedance tuned and matched 
load inpedsnce. Then for an input power, J** 1°"" 

d«sityf^lin« on the output antsma is P I9>A« . 
?TS I basicTesult of antenna theory^ 18 . '?> that the 
"ftcttvf cross^ectional area of the receiving antenna 
25/!*. Therefore the output power is given by 



P(OCT) = P(If) x 



(Isotropic antennas) 



.(3) 



T„ fhe case of an IDT operating on resonance, it behaves 
Sfcf an ire'rray antenna with its radiation in the 
forwa" direction enhanced by the antennajaJn. G which 
is simply s measure of the directionality, D, of the 
M'enna. i.e. D is the ratio of the intensity in the 
^.^1 direction to the average intensity over all 
ItScUon^ 6 ' From Ref OS) oh 5. or by direct 
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calculation on the phaeed-array modal, it can be shown 
that G ia equal to tha number of element* in the array, 
21f. By reciprocity we nruat aloo take account of the 
antenna gain of the receiver so that the net output 
power in Eq (3) ahould be multiplied by « i**^. 

The final expression for the minimum insertion lose 
attainable ia 



P(COT) 
P(IK> 



»2 



Evidently to reduce the Insertion loss we should Increase 
and ^2 and reduce R, the optimum arrangement being 

two identical IDT'o placed in close proximity with 
centre-to-centre separation R = tt^%m X^X, In 

these circumstances the insertion loss is simply 
P(OUT)/fc(IH) - lAir 2 , i.e. l6dB. Obviously it is not 
strictly permissible to use Eq for the optimum 
IDT arrangement, as this arrangement violates the 
far-field assumptions. Nevertheless the argument 
strongly suggests that low insertion losses are 
possible, and In practice we have made devices on 
quarts and LiTaCL with "tuned and matched" losses of 
13*B. This compares with typically 10dB for a 
SAW device, tha extra 3dB in SSBV devices being of 
little practical significance. 

It will be noted that the optimum transducer arrange- 
ment described above is exactly that used in single- 
mode SAW oscillators (20 \ so that SSBV devices are ( . 
particularly attractive for oscillator applications* 0 '. 

Calculation of the Frequency Response of SSBV devices. 

One of the great attractions of SAW devices is the ease 
with which a given transfer function H(tt) may be 
achieved by introducing appropriate weighting into 
the IDT(s), see for example the bandpass filter 
section of ref (21). In practice it is often simpler 
to work in the time domain because the impulse response, 
h(t), of a given transducer is a replica of the 
physical construction of the ICT # , which is itself 
a direct consequence of the independence of the 
individual finger pairs of the IDT. Of course the 
frequency response of an IDT, or of a filter comprising 
two IDT's*, is simply the Fourier transform of the 
impulse response h(t). 

As discussed earlier we believe that the individual 
finger pairs of a SSBV transducer behave independently 
(to a good approximation), so that the impulse 
responses of a SAW device and a SSBV device employing 
the same IDT pattern should be closely related, 
(neglecting 2nd order effects such as diffraction on 
the plane of the substrate). In fact the only 
difference between the two devices arises because 
the wavelets excited by the individual finger pairs 
of the SAV IDT do not spread into the substrate as they 
travel, the SAW energy being confined to surface. By 
contrast the local intensity of the SSBV wavelets 
varies as in Eq (2). A little thought shows that at 
any instant t^ , the impulse response derives from a 

number of wavelets all of which have travelled a 
distance ct^ , and have decayed in amplitude by 

(Vet )^. It is therefore evident that the relation- 
ship between the SAW and SSBW impulse responses is, 
neglecting any difference in velocities, 



h(t) SSBV c< n<t)SAV 



.(5) 



•Footnote: Care should be excercised in discussing 
the overall response of a filter comprising 2 
weighted IDT's, R.H. Tancrell and M G Holland, 
Free. IEEE ^ 0971 ) 393. Pig. 5 



where time ia measured from the application of the 
impulse. This important equation is considered in 
detail in the following paper at this conference^ 12 ). 
For the present, it is sufficient to note that 
the factor JT in the denominator of Eq (5) can be 
made insignificant by increasing the separation of 
the input and output IDT 1 a. Even when the IDT'e 
are in close proximity the effect of the a lowly- 
varying JT-factor is not great. This is illustrated 
in Fig. 7% which shows the measured and calculated 
impulse responses of an oscillator filter pattern 
comprising two identical 100 finger-pair IDT 1 a with 
centre-to-centre separation of 110A» The centre 
frequency of this device is 96.9 MHz, and the tuned 
insertion loss 13dB. The measured response of a 
single transducer (calculated by halving the device 
loas in dB) is shown In Fig 8(a) on a linear scale 
for comparison with the transducer radiation 
resistance plots. On the scale shown the response 
is indistinguishable from the response of the 
corresponding SAV device, but a more detailed examina- 
tion shows that the eeroes are somewhat filled indd* 
Such a device is, however, perfectly satisfactory 
as it stands for use as the feedback element of an 
oscillator^ 1 2, 20). Figs 8 (b) and (c) show the 
corresponding responses calculated on the RSRE phase- 
array model and using Milsom's program^', respectively. 
The agreement is clearly excellent. These figures 
also show the corresponding IDT radiation resietancea, 
as discussed below. 



Variation of Radiation Resistance with Frequency 



Following the work of the Stanford group on SAW IDT* a 
we represent the SSBW IDT electrically by a series 
combination of its static capacitance, C , and a series 
radiation resistance, R ftt and reactance, 0 *^. For a 

weak piezoelectric like quartz with H^3CO, we 
invariably have 1/bC^^ R a , X a , and it is convenient 
to assume that such a transducer is driven by a 
voltage source V, Fig. 10 . In these circumstances 

the current is i~ VuC^, and the total 

power dissipated in the radiation 
'o resistance is 



(22) 




P = A «* v 2 Jc S (6) 

a o a 

It is also clear that the amplitude of 
each wavelet excited by the IDT is 
proportional to V, so the total acoustic 
power radiated is 

P * V 2 ! (?) 



FIGURE 10 

where I (= IM) is a dimension -less 
quantity obtained from the phased array model by 
integrating the bulk wave power radiated over all 
values of ©(Fig. 1) with unit voltage applied to the 
IDT. For example, I is very small below the resonant 
frequency because the phase-matching condition of Eq (1) 
cannot be satisfied for any value of 5. Comparing 
the expressions for P in Eqs (6) and (7)« it is 
evident that R (u) is directly proportional to I(u>). 
Ia Fig. 9 we snow on a dB scale the calculated' 
farfield radiation patterns of a 100- finger -pair 
IDT resonant at 96.9 MHz (cf Figs 7 and 8) when 
operating at various frequencies from 95.2 to 98.5 
MHz. The values of I at each frequency are effectively 
calculated from the black areas of these radiation 
patterns, the resulting variation of 2 a (*a)-*( I M) 

for this phased-array model being plotted in Fig. 8(b). 

The result is obviously in close agreement with the 
measurements, Fig. 8(a), and Hilsom'a theory, Fig. 8(c). 
It turns out that the shape of the R curve in Fig.8(b) 
is almost independent of N, and in F?g. 11 we plot a 
"universal" curve of R t with frequencies normalized to 



748 



Meirion Lewis 



10* 



EXPERIMENT 
N « 100 FT 
50> APERTURE 




-40 



MEASURED CALCULATED 

FIGURE 7. tor- thematic transducer axraagemen* » 
SSwf Substrate AT-quart* with perpendicular 

to the x-axia. Centre frequency: 96.9 nBzm 

bottom: measured and calculated iJP 313 * 
responaes of this device. The dash ed 
diamond-shaped impulse response of the corresponding 
SAW device. 
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FIGURE 9. Calculated far-field radiation patterns 
for the input transducer of Fig. 7 at various frequ- 
encies from 95-2 to 98.5 MHz. The calculation 
assumes an Isotropic acoustic substrate. Using 
these plots it is possible to wrl& th« power 
transmission and H curves of Fig. 8l>;. 
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FTGURE 8. Measured and calculated plots of the 
IDT radiation resistance and power transmission for 
one IDT of the SSBW filter shown in Tig. 7. The 
acoustic radiation patterns at frequencies A to L 
are shown in Pig. 9* 
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N. Notice that the peak value of (which is^l2# 
higher than the resonant value) occurs at frequency 
*peak ~ t resonance (l* ^ J (8) 

The reason for this is readily seen by comparing Figs 
9(g) and <H); in (G) only half a lobe is radiated, 
while in (B) an almost full lobe is radiated, albeit 
somewhat narrower* 

Variation of Radiation Resistance with W 

The previous section may be extended to calculate 
the variation of R ft with N. Consider first the SAW 

case* Other things being equal, the amplitude of 
SAW launched by the IDT is proportional to N, so the 
power in Eq (?) is*C IT. Since C 0 «C N, it follows on 
comparing Eqs (6) and (7) that R a is independent of 
jj(22)^ gggy^ however, the acoustic intensity ^N 2 , 

but the angular width of the main lobe is 0~(2/H)^, 

so that IotJf^Goc N 3/2 . Comparing Eqs (6) and (7) 
we find, 
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In Fig 12 we compare measured values of R with 

calculations based on the above phased-array model, and 
Milsofl's program ^3). The experimental errors are 
large (due to stray capacitances) but nevertheless 
confirm the increase in R^ as N is reduced. 

At first eight it appears from Fig. 12 that the effective 
k of SSBW on AT-quarts is low, for the 100 finger 
pair IDT with 50^ aperture has R a SAW device 

on ST-quartz would have R & — 36Ci .* However it is not 

fair to the SSBV device to make such a comparison, 
because of the higher SSBV velocity (and therefore 
frequency of operation) and because of the variation 
of R fl with N in Eq (9) • It is more realistic to 

compare devices in which N has been adjusted to/p?) 
equalize the electrical and acoustic bandwidths 
When this is done, we find that SSBV devices on AT- 
quartz (with k perpendicular to the x-axis) have 
essentially the same optimised bandwidth as SAW on 
ST-quartz, i.e. about 



FIGURE 12. Measured variation of with N for 

IDT's with 50 X aperture on AT-quartz with 
propagation perpendicular to the x-axie. The 
theoretical curves employed Hilsom's theory 
(ref 5) and the phased array model. 

Conclusions and Discussion 

We have described the properties of a new family of 
acoustic wave device with many of the attractions of 
surface acoustic wave devices, but with advantages 
over SAW in certain important aspects. In particular 
these advantages make SSBW devices of immediate 
application to bandpass filters as discussed in ref 
(12), and to high frequency oscillators are discussed 
in ref (10). For example in Fig. 13 we show the 
exceptionally smooth passband of a 1 .766 GHz SSEW 
oscillator filter employing a pathlength of 300A; 
this was made from a 1.09 GHz SAW oscillator mask. 
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Frequency. f=f,("WP/ n ) , nrna of finger pairs in IDT 



Y1G7TRT. 11 J Universal' radiation resistance curves for 
a SSBV IDT on an isotropic substrate. 
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r requ«ncy 5KBz/£lvision 

FIGTO£ 13. Response of a 1.766 GHz SSBW oscillator 
filter, tntuned loss: 21dB. 10 MHz markers are also 
visible* 



The highest fundamental frequency yet attained ie 
2.5GHz^ l0) , but we feel that this could readily be 
extended to>3 GHz by the use of split-finger 
transducers operating at their 3rd harmonic, see 
below. In this respect it ie important to note 
that the propagation losses of the SSBW on AT-^uartz 
with k perpendicular to the x-axis are about Jrd that 
of SAW on ST-quartz C25J . 



750 



Me or ion Lewis 

r <^rw that we have not discussed in detail 
^theTbseace ot serious responses in cur device 
la the absence 01 ay iBWllet responses shown 

££t clllr * Fig. 1" -hicn ahowe »rr«-W and 

destroy the coherence °i «u*j rea ponse 
laOT^ve^ra JS-IS St. *5 

apUt-fingers have shown that they ««*| 

sLilar «»nner to ^^ff "^.SSSSS ««« 
For example, the effective tt= U appro* w j 
sa»e for the! 1st and 3rd ^on.cs and a UtUe 
leaa than lc* at the fundamental of a normal 



^rr^f.ran3^. 

" d r ^ Iba^r^c! wt2 """relatively 
fluencies con uqtet* -1th SSW ^ ^ ^ 
.re h ~ e *"' ^"ttilzrf; one example is the resonator 
rfJSS 4 al(2« i-d tt s..=s that SSW are Ideally 
Suited to such applications. While on the subject of 

gat ion. 
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of Fig. 7. 

(b) narrow-band sweep of the mala 
response, (c.f. Fig 8(a)). 

Oespite the i-pres.lv. perforce 
St^AlT.iS ri^inUTrnughX^ 

SAW over the past eight £ £\ he P fut „re . 

foTe ^s^ToT^ are discussed helcw. 

Fir9t let us as, how « « - a rth C .r UC 

of the ^^ lt « f ^^iS n0n ....r.i»fi»it. 
^rtra^XnlhirrTpecTsAW and SSBW differ fro. 



FIGURE 15. R«P°«* e <> f a SSBV fiU " e " Pl ° yin8 
split-finger IDT's. 

slowing mechanism (a slow r S3BM de »ices 

ing. er topographr , nee ssary t0 SU ch 

ZST X r -ace to Produce devices 

,,13 P.per has -S^^ 
on rotated y-cuts of g^ p ^ loe pro?e rties in some 
orientation say well have 6U | fied t such eu ts 
respects. (li! j f have already identic l9Ctric 

° f Tin. 3 .* 1 ss I. great as SAW on LINbO and are 
SS2. - Tt-i-l la wideband fil'ters. Other 
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materials/orientations night, for example, employ 
ac oua tic anisotropy to focus SSBW or beam-steer away 
unwanted waves, etc. Finally we would like to mention 
the possibility of applying SSBW to N.D.T. , eg for flaw 
detection on a surface, or just below the surface, for 
it is clear from the text that unlike SAW, SSBW may 
penetrate many wavelengths into a substrate. We also 
hope that another consequence of this penetration is 

a reduced long-term ageing of SSBV devices, 
especially oscillators* 107 . 
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Q: Did you try any aging experiments? 

A: All I can say i9, yes, we did and in the prelimin- 
ary experiments we did a couple of years ago, they did 
indeed show an improvement by, I think, 2 to 3 over 
the surface wave devices that we were aging at the time. 
Unfortunately, we have not repeated those experiments 
yet. I can assure you that there are people working 
hard at it in RSRE but they want to get everything 
right, the seating of the container, the counting, etc., 
and they are just not publishing the results until 
they're sure that everything else is set up properly. 
But why I'm pretty sure of that is that it's not going 
to be any worse in surface waves because of that ab- 
sense of surface contamination effect in the device. 

R. Weglein - Hughes Aircraft - Are metal films affected 
by the temperature and are there any reflections from 
the metal on the surface? 

a: I honestly can't answer the question with respect 
to the metal on the surface making the turnover temper- 
ature. We have not dona measurements, and generally 
speaking, we don't use transducers that heavily metal- 
ize the surface anyway, so I just can't answer that 
one. But what we do know is that metal on the surface 
does Indeed cause reflections for surface skimming 
bulk waves not dissimilar from the reflections it 
causes for surface waves. In other words, if you 
thicken up the transducers you will find that you get 
into transducer reflections, etc. Indeed that's bow 
the resonator that we showed works. 

A: That's Dick Williamson. Are you ever going to get 
high Q resonators because most of the energy is going 
co go past the resonators and get lost. I don't have 
any affirmative answer to this, but if one goes back 
to an antenna theory, you can see an array of reflect- 
ors providing they have got the right spacing will 
indeed reflect strongly and so I have hope there that 
indeed one can get high Q's. Another factor in our 
favor is the fact that the bulk waves we have have got 
approximately one third of the material attenuation 
surface waves, so we've got a factor of 3 In our favor 
to start with. And another factor which I think is 
quite important is that if you look at the work that 

has described, with waves and Corrugated 
surfaces, and after all the reflectors are a corru- 
gated surface, he will show you that in fact your sur- 
face skimming bulk wave is effectively turned into a 
surface wave. It might have a penetration of 10 or 
100 wave-lengths or something, but it is in fact con- 
fined to the surface. So I think all these factors 
suggest that we may right well end up with high Q res- 
onators if that's what you're after. 
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